The present study is aimed at verifying the possibility of reusing municipal and industrial reclaimed wastewaters for the irrigation of container-grown ornamental shrubs, paying attention to the refinery treatment. The research has been carried out in the district of Pistoia (Central Italy), which represents one of the main nursery areas in Europe. Two experimental sites, each consisting of a refinery treatment pilot plant (filtration and disinfection) and an agronomic area, were set-up. In this paper the attention is focused on the selection of the refinery treatment.
INTRODUCTION
The district of Pistoia (Central Italy) represents one of the main plant nursery area in Europe. Currently, the surface intended for plant nurseries in the whole province of Pistoia is 5,000 ha for both field-grown and container-grown plants.
According to the results of field investigation carried out in this area (Benvenuti et al. 2000) , the estimated average daily water contribution for the areas assigned to containergrown plants is 16 mm. Considering the surface occupied by container-grown plants and the duration of the well watered season (from May to October), the yearly water consumption, relevant to the plain of Pistoia and only for the container-grown plants, is approximately 12 Mm 3 .
Since nursery container production of woody plants is likely to be one of the agriculture practices with the highest water demand, most of the nursery producers are facing increasing pressures to avoid using high-quality water supplies for irrigation (Gordon 1994; Bailey et al. 1996) .
Therefore, it is important to evaluate alternative water sources for irrigation (so called non-conventional water resources) in order to maintain a high qualitative and quantitative production standard. Among the non-conventional water resources, reclaimed wastewater (RWW) can be considered the most important for irrigation. Reclaimed wastewater reuse for the production of ornamental plants has some peculiarities compared to the same practice in other agricultural fields. The ornamental plant production is a high added-value activity and for this reason higher economic margins are possible in order to refine reclaimed wastewater; at the same time the high value of the plants requires that the effect of reclaimed wastewater irrigation has to be carefully evaluated.
In the Pistoia nursery area, the irrigation water demand is mainly met by the use of groundwater whose exploitation takes place in competition with potable doi: 10.2166/wst.2008.651 water uses. In this context, a verification of the possibility of reusing treated wastewater for irrigation, making groundwater resources available for other purposes, becomes extremely interesting.
The amounts of RWW available in the nursery area (3 Mm 3 /y), coming from the Pistoia municipal wastewater treatment plant (WWTP), can only partially cover the water demand for the irrigation of container-grown plants (12 Mm 3 /y). As a consequence, the possibility of reusing the effluents coming from WWTPs located in Prato (Tuscany, Italy), which is a few kilometres far from the nursery area and represents one of the biggest Italian textile district, was considered.
Dealing with the RWW reuse project, both the following aspects were considered: † identifying a suitable refinery treatment facility in order to make the effluents in compliance with the national regulations (D.M. 185/2003) for RWW to be reused for irrigation; † assessing the effect of RWW on some ornamental plant species representative of the local nursery production Gori et al. 2008) .
In this paper the attention is focused on the first aspect.
As regards the agronomic aspects, the following conclusions can be drawn. Experimental results indicate no major limitations for the use of the tertiary effluent as an irrigation source in plant nursery Lubello et al. 2004) . Concerning industrial wastewaters, the treated effluent was suitable for the irrigation of ornamental plants but the use of drip irrigation should be suggested in order to avoid a decrease in the quality of the plants produced due to tip and edge burn of leaves. Moreover, because of the saltsensibility of numerous plants, the use of a tertiary effluent with such water quality can always be recommended for short periods (Gori et al. 2008) .
As far as refinery treatments are concerned, municipal wastewater effluents are commonly disinfected by chlorination. Due to its well known phytotoxic effect (Whipker 1999) , attempts are under way worldwide to find safer alternative disinfection agents able to meet the stringent microbial requirements usually required for wastewater reuse. The Italian law in force for agricultural reuse (D.M. 185/2003) sets the limit for Escherichia Coli (E. coli) of 10 CFU/100 mL (80% of the samples) and 100 CFU/100 mL (maximum admissible value).
Various schemes of tertiary treatment have been proposed for agricultural wastewater reuse: secondary effluent further submitted to coagulation-flocculation, sand filtration and final disinfection, ultraviolet irradiation and membrane filtration (Lazarova et al. 1999; Liberti et al. 2002; Petala et al. 2002; Pollice et al. 2004; Gó mez et al. 2006 Gó mez et al. , 2007 .
In this research, for the refinement of textile RWW, sand filtration and disinfection with a combined treatment of peracetic acid (PAA) and UV was experimented. Since the disinfection process of PAA seems to take place according to radical type reactions, we have attempted to research if and how the UV could accelerate such reactions (Caretti & Lubello 2003) . 
The CH 3 CO z 2 molecule rapidly declines forming CH z 3 and CO 2 , while the molecule of peracetic acid can subsequently react with the z OH radicals produced, according to the following reactions of addition and subtraction of a labile hydrogen:
The presence of hydrogen peroxide within the commercial product of the PAA contributes not only to the formation of new peracetic acid as soon as it is consumed, but also to the formation of new hydroxyl radicals.
In previous studies, the possibility of using the combined treatment of PAA and UV to disinfect secondary wastewater effluents has been evaluated. The analyses carried out showed the effective synergy between the two treatments and the considerable increase of the effectiveness of the combined treatment as compared to the single treatments considered separately . Moreover, the combined treatment of PAA and UV proved to be more effective than the combined treatment of hydrogen peroxide (H 2 O 2 ) and UV . This result has been confirmed by spectroscopic analysis, which showed a remarkable increase in the production of free radicals when moving from the combined treatment of H 2 O 2 and UV to the combined treatment of PAA and UV (Bianchini et al. 2002) .
The objective of this study was to investigate the suitability of the PAA/UV treatment for both municipal and industrial wastewater disinfection in order to assess operation conditions required to meet the Italian microbiological limits for agricultural reuse and to determine the cost required to meet such values. observed in the preliminary laboratory tests (Caretti & Lubello 2003) , was calculated at 30 minutes.
METHODS
The pre-treatment of the secondary effluent before disinfection consists of two rapid filters (OFSY 30-Culligan). PAA was added through a commercial solution Inside the storage tank, before being sent to the irrigators or to the backwashing filters, the water which, after disinfection, presents a bacterial content respecting the limits for wastewater reuse for irrigation, risks being subject to bacterial regrowth.
In order to avoid this phenomenon, 2 mg/L of PAA with a bacteriostatic function is dosed within the tank.
WASTEWATER CHARACTERISATION
The pilot plants were fed by WWTP effluents, whose main chemical -physical and microbiological characteristics are summarised in Table 1 .
In order to enhance the efficiency of the disinfection, a filtration step was used before the treatment. The effects of the filtration are shown in Table 2 .
RESULTS AND DISCUSSION
The E. coli content in the Pistoia filtered samples before the disinfection treatment varied between 9,600 and 108,000 CFU/100 mL with a mean value of approximately 36,500 CFU/100 mL. Given the extreme variability of the microorganisms concentration in the effluent, a disinfection system must be perfected which is capable of guaranteeing inactivation up to 5 log in order to ensure the compliance In order to determine the best combination of PAA and UV doses between the different solutions that guarantee compliance to the Italian legislation, an economic analysis was performed considering a continuous (24 h a day) running of the plant, no longer on a pilot scale but on a As far as the Pistoia WWTP is concerned, the costs of UV and PAA combinations that are able to assure the compliance with the law value for all samples are in the range of 0.035 -0.067 e/m 3 . The combination of 2 mg PAA/L and 192 mJ/cm 2 of UV was the cheapest solution.
As far as the Calice WWTP is concerned, the costs of UV and PAA combinations that are able to assure the compliance with the law value for all samples are in the range of 0.033 -0.067 e/m 3 . The combination of 2 mg PAA/L and 170 mJ/cm 2 of UV was the cheapest solution.
Comparing Figures 2 and 3 , we can observe that the UV dosage beyond which E. coli is totally inactivated regardless of the PAA dosage is lower for the Calice WWTP than for the Pistoia ones (170 and 220 mJ/cm 2 , respectively).
In addition, the Calice WWTP effluent, in spite of its high absorbance at 420 nm, can be refined with a combination of PAA/UV, which has a cost similar to that required for the refinement of the Pistoia WWTP effluent.
This can be attributed to the lower E. coli content of the mixed industrial and domestic wastewater.
CONCLUSIONS
The objective of this study was to investigate the suitability of the PAA/UV treatment for agricultural reuse of both the effluent of a municipal WWTP (Pistoia) and of a mixed municipal and industrial WWTP (Calice). According to the experimental results the following conclusions can be drawn. † There are no major limitations for the use of the tertiary effluent as an irrigation source in plant nurseries. As far 
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